**What is already known**

DWI-FLAIR mismatch in acute ischemic stroke patients suggests a recent onset of stroke within the recommended time window for IV thrombolysis. However, the effectiveness of IV thrombolytic therapy between acute ischemic stroke patients with and without DWI-FLAIR mismatching is not definitely known.

**What is new in the current study**

We found that acute ischemic stroke patients (within 3 hours of symptom onset) with a DWI-FLAIR mismatch showed better response to IV thrombolytic therapy than those without a DWI-FLAIR mismatch.

INTRODUCTION
============

Intravenous (IV) thrombolytic therapy is an established method for treating acute ischemic stroke patients within 3 hours of symptom onset, and recently, the therapeutic time window was extended to 4.5 hours \[[@b1-ceem-14-043]-[@b3-ceem-14-043]\]. In order to initiate IV thrombolytic therapy, it is critical to know the exact time of symptom onset. However, it is often difficult to obtain the exact time of symptom onset if patients have neurologic deficits such as dysarthria, aphasia, or decreased mental status. Moreover, approximately 25% of ischemic strokes occur during sleep, and patients are often unable to recall the exact time of symptom onset \[[@b4-ceem-14-043]-[@b6-ceem-14-043]\]. Therefore, the precise time from symptom onset to hospital arrival cannot be documented for the majority of cerebral ischemic stroke patients. Because current guidelines suggest that IV thrombolytic therapy should be performed on the basis of the the last confirmed time of functioning without a neurologic deficit, this requirement may overly restrict use of thrombolytic agents for potential candidates for IV thrombolysis. To help resolve this problem, some investigators have studied whether a mismatch between diffusion-weighted imaging (DWI) and fluid-attenuated inversion recovery (FLAIR) magnetic resonance imaging (MRI) (DWI-FLAIR mismatch) can be used to select patients who present without documentation of the time of symptom onset but may be eligible for IV thrombolytic therapy \[[@b7-ceem-14-043]-[@b15-ceem-14-043]\]. There are few studies on the effectiveness of IV thrombolytic therapy between acute ischemic stroke patients with and without DWI-FLAIR mismatching. We hypothesized that acute ischemic stroke patients with a DWI-FLAIR mismatch may better respond to IV thrombolytic therapy than those who do not have a DWI-FLAIR mismatch.

We performed this study to investigate whether there were differences in the effect of IV thrombolytic therapy in the setting of DWI-FLAIR mismatch among acute ischemic stroke patients who visited the emergency department (ED) within 3 hours from the onset of symptoms.

METHODS
=======

This retrospective study was conducted at an ED from January 2011 to May 2013. The study hospital, a tertiary hospital located in Seoul, Korea, has 710 beds. Approximately 37,000 patients visit the ED annually.

We reviewed the medical records of the acute ischemic stroke patients who visited the ED during the study period. We included acute ischemic stroke patients who visited the ED within 3 hours of symptom onset and received IV thrombolytic therapy after MRI examination; patients who received IV thrombolytic therapy before MRI examination or were treated with additional interventions, such as percutaneous thrombectomy, were excluded. Patients with insufficient medical record documentation also were excluded.

The time of symptom onset was determined on the basis of the most recent time of baseline neurologic functioning. To protect personal information, patient name, hospital number, date of birth, and social security number were deleted after assigning each case a serial number. This study was conducted in accordance with the principles of the Declaration of Helsinki \[[@b16-ceem-14-043],[@b17-ceem-14-043]\].

Baseline characteristics and factors affecting treatment included age, gender, previous history of disease (for example, stroke, hypertension, diabetes mellitus, hyperlipidemia), current smoking status, current use of antiplatelet agent medications, vital signs (initial heart rate, systolic blood pressure, diastolic blood pressure, as well as those documented prior to IV thrombolytic therapy), administration of antihypertensive drugs before IV thrombolytic therapy, and initial National Institutes of Health Stroke Scale (NIHSS) score. We also reviewed the times between symptom onset and MRI examination, symptom onset and initiation of drug therapy, and time of MRI and initiation of drug therapy.

MRI examination was performed using a 1.5-T scanner (Intera; Philips Medical Systems, Best, The Netherlands). Axial T1-weighted, axial T2-weighted, axial DWI, axial FLAIR, and apparent diffusion coefficient were included as part of the routine MRI protocol at our hospital for acute ischemic stroke patients.

We defined DWI-FLAIR mismatch as a new hyperintense lesion on DWI without findings of hyperintense signal change on FLAIR. Three emergency medical physicians independently determined the presence of DWI-FLAIR mismatching. Each of the three emergency physicians had 2 years of experience in interpreting diffusion-weighted MRI for diagnosing acute ischemic stroke. The ED physicians consulted with a radiologist before the start of study, but the radiologist was not directly involved in this study. The order of cases was randomized, and three identification number lists with a different order of cases were distributed to the three ED physician interpreters. The DWI images were first evaluated, followed by a review of the FLAIR images. Focal signal changes in brain parenchyma were assessed, excluding intra-arterial signal changes. When there was a difference in MRI assessment among interpreters, the final results were determined when at least 2 observers arrived at the same MRI interpretation. On the basis of these results, the patients were divided into two groups: DWI-FLAIR mismatch and DWI-FLAIR match. We determined the location of cerebral ischemic stroke according to the cerebral vascular territories. The areas of the anterior and middle cerebral arteries were designated as anterior, and the areas of the basilar artery, vertebral arteries, and posterior cerebral arteries were designated as posterior. The subtypes of ischemic stroke were classified using the Trial of Org 10172 in Acute Stroke Treatment (TOAST) \[[@b18-ceem-14-043]\].

The IV thrombolytic therapy was carried out in compliance with international guidelines. Patients received tissue plasminogen activator (t-PA; Actilyse, Boehringer Ingelheim, Ingelheim, Germany) at a dose of 0.9 mg per kilogram of body weight (maximum, 90 mg), 10% of which was given as a bolus followed by delivery of the remaining 90% as a continual infusion over a period of 60 minutes \[[@b2-ceem-14-043]\]. In patients with systolic blood pressure \> 180 mmHg or diastolic blood pressure \> 110 mmHg, IV thrombolytic therapy was performed only after the high blood pressure was controlled by IV administration of labetalol.

For the evaluation of neurologic outcome, we reviewed the 24-hour NIHSS scores after administration of IV thrombolytic therapy as well as the NIHSS score upon patient discharge. The differences between these two scales and the initial NIHSS scores were described as ΔNIHSS1 (difference of initial NIHSS and 24-hour NIHSS) and ΔNIHSS2 (difference of initial NIHSS and NIHSS on discharge). When the NIHSS score increased after IV thrombolytic therapy, its value was documented as negative at a value of zero. In addition, early neurologic improvement (ENI) was defined as improvement of ≥ 4 or 5 points in the NIHSS score and/or an NIHSS score of 0 at 24 hours and described as ENI-4/0 and ENI-5/0, respectively \[[@b3-ceem-14-043],[@b19-ceem-14-043]\]. Major neurological improvement (MNI) was defined as an improvement of ≥ 8 points in the NIHSS score and/or an NIHSS score of 0 at 24 hours and described as MNI-8/0 \[[@b3-ceem-14-043],[@b20-ceem-14-043]\]. In addition, we investigated the presence of cerebral hemorrhage after IV thrombolytic therapy during the patient's admission period.

Statistical analysis was performed using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA). First of all, a normality test was performed. If the variables showed a normal distribution, continuous variables were presented as mean and standard deviation. If variables were skewed, continuous variables were presented as medians with interquartile ranges and categorical variables presented as frequencies (percentages). Continuous variables were compared using the Student's t-test or Mann-Whitney U-test according to the results of normality test and chi-square or Fisher's exact test according to expected frequencies for categorical data. A P-value of \< 0.05 was considered statistically significant.

RESULTS
=======

A total of 213 patients with acute ischemic stroke visited our ED during the study period. Of those, 163 patients were excluded for the following reasons: onset time \> 3 hours (n=48), onset time \< 3 hours but initial NIHSS score \< 4 or NIHSS score improved to \< 4 (n=73), disagreement with thrombolysis (n=1), inadequate medical record documentation (n=5), contraindication or no thrombolysis according to clinical judgment (n=6), had computed tomography scan only+IV thrombolysis ± additional intervention (n=19), and had MRI+IV thrombolysis+additional interventions (n=11). As a result, a total of 50 patients were included in this study ([Fig. 1](#f1-ceem-14-043){ref-type="fig"}). Median age was 64.4 years (interquartile range, 54.5 to 78.0), and 29 patients (58.0%) were male. The DWI-FLAIR mismatch group included 36 patients (72.0%) and the DWI-FLAIR match group included 14 patients (28.0%).

Significant differences were not observed for age, gender, previous history of disease, current smoking status, current antiplatelet agent medications, vital signs, administration of antihypertensive drugs before IV thrombolytic therapy, initial NIHSS score, and time intervals (symptom onset to MRI examination, symptom onset to initiation of drug therapy, and MRI examination to initiation of drug therapy) between the two groups ([Table 1](#t1-ceem-14-043){ref-type="table"}). Moreover, there was no statistical difference in the location of cerebral ischemic stroke and the subtypes of TOAST between the two groups ([Table 2](#t2-ceem-14-043){ref-type="table"}).

There were, however, significant differences in ΔNIHSS1, ΔNIHSS2, ENI-4/0, ENI-5/0, and MNI-8/0 DWI-FLAIR between the two groups ([Table 3](#t3-ceem-14-043){ref-type="table"}). In particular, all 6 patients who showed increased NIHSS scores at 24 hours compared to the initial NIHSS score belonged to the DWI-FLAIR match group. Two patients also had a higher NIHSS score on discharge compared with the initial NIHSS scores; cerebral hemorrhage occurred in one of these patients.

DISCUSSION
==========

DWI is a form of MRI that derives its image contrast from differences in the motion of water molecules between tissues. The diminishment of cerebral blood flow below a critical threshold leads to a disruption of energy metabolism, resulting in cytotoxic edema that can be depicted by a reduced apparent diffusion coefficient on DWI within minutes of a stroke. In contrast, FLAIR is an MRI sequence that produces strong T2-weighting combined with an inversion recovery pulse to suppress the signal that results from cerebral spinal fluid. DWI allows the detection of acute ischemic lesions within minutes of the ischemic cerebral event by showing high contrast, and FLAIR provides an advantage over the more conventional T2-weighted imaging for the detection of ischemic lesions, especially for lesions near the cerebral spinal fluid space.

Thirty-six patients (72.0%) showed a DWI-FLAIR mismatch in our study. In previous studies, a DWI-FLAIR mismatch identified patients within 3 hours of symptom onset with 71% to 97% sensitivity and 64% to 97% positive predictive value, and within 4.5 hours with 73% to 89% specificity and 83% to 97% positive predictive value \[[@b8-ceem-14-043],[@b10-ceem-14-043]-[@b13-ceem-14-043]\]. According to a study by Aoki et al. \[[@b10-ceem-14-043]\], DWI-FLAIR mismatch was found in 14.8% of 162 ischemic stroke patients within 3 hours of symptom onset. Other studies have also suggested that acute ischemic stroke patients with DWI-FLAIR mismatch may be able to safely receive IV thrombolysis \[[@b21-ceem-14-043]\]. Of the 10 patients with anterior ischemic stroke and DWI-FLAIR mismatch who had neurologic changes documented within 3 hours after the ischemic event and received initial treatment within 3 to 24 hours after the last period of normal neurologic functioning, none showed any occurrences of cerebral hemorrhage, and 6 showed a neurological improvement of ≥ 4 points on the NIHSS at 7 days after the ischemic event. It should be noted that Ebinger et al. \[[@b11-ceem-14-043]\] reported conflicting results regarding the effectiveness of thrombolysis in DWI-FLAIR mismatch versus match patients. Of 51 patients with a symptom onset time within 4.5 hours, 25 patients (49.1%) were in the DWI-FLAIR mismatch group, and neither lesion growth on DWI nor change on NIHSS at 24 hours differed significantly between the two groups.

As mentioned above, for the evaluation of neurologic outcomes, we reviewed the 24-hour and discharge NIHSS scores and calculated the difference between these two measurements and the initial NIHSS score. According to the National Institute of Neurological Disorders and Stroke rt-PA stroke study, there was no significant difference between the group given t-PA and the group given placebo among patients showing neurologic improvement (status improved to normal or by 4 or more points on NIHSS) at 24 hours, although a benefit was observed for the t-PA group at 3 months \[[@b3-ceem-14-043]\]. However, above a threshold of 5 points, the differences in the proportion of patients with ENI consistently were statistically in favor of rt-PA in the post-hoc analysis of the National Institute of Neurological Disorders and Stroke trial \[[@b19-ceem-14-043]\]. Brown et al. \[[@b20-ceem-14-043]\] reported that neurological improvement of ≥8 points in NIHSS scores or an NIHSS score of 0 at 24 hours was predictive of a favorable 3-month outcome. In our study, the patients with DWI-FLAIR mismatch showed a statistically significant improvement in the 24-hour and discharge NIHSS scores and on ENI-4/0, ENI-5/0, and MNI-8/0 as well. Although the neurologic outcomes at 3 months after onset were not reported in our study, MNI-8/0 was observed only in 10 of 36 patients with the DWI-FLAIR mismatch, and there was no increase in NIHSS scores or in the incidence of intracranial hemorrhage in the DWI-FLAIR mismatch group. Considering the fact that all enrolled patients had onset time within 3 hours and that there was no significant difference between the two groups in baseline characteristics, it is remarkable that 14 patients with DWI-FLAIR match had relatively poor neurologic improvement, and that 6 of those patients (42.9%), including one patient who experienced cerebral hemorrhage, showed neurological deterioration.

This study had several limitations. First, this study was retrospective. Second, the results of this study are difficult to generalize because of the small number of subjects. Third, the parameters of mid- and long-term prognosis, such as modified Rankin Scale or Barthel Index, were not reported. Fourth, this study did not include the patients who had onset time between 3 to 4.5 hours and who could have been candidates for IV thrombolytic therapy in accordance with the recently changed guideline. Although there may be other limitations of this study, we believe these results will help establish the clinical evidence that supports the use of IV thrombolytic therapy for acute ischemic stroke patients with unclear onset time and DWI-FLAIR mismatching.

No potential conflict of interest relevant to this article was reported.

![Flow diagram. NIHSS, National Institutes of Health Stroke Scale; CT, computed tomography; MRI, magnetic resonance imaging. ^a)^Intra-arterial thrombolysis or additional interventions were done in 7 of 48 cases.](ceem-14-043f1){#f1-ceem-14-043}

###### 

Basic characteristics of the subjects

  Parameters                                                             Total (n = 50)        DWI-FLAIR mismatching   P-value               
  ---------------------------------------------------------------------- --------------------- ----------------------- --------------------- ------
  Male                                                                   29 (58.0)             20 (55.6)               9 (64.3)              0.57
  Age, yr                                                                64.4 (54.5-78.0)      67.3 (52.7-79.0)        69.0 (57.0-76.0)      0.87
  Vital signs, initial                                                                                                                       
   SBP                                                                   155.9 ± 32.8          158.7 ± 33.1            148.3 ± 32.1          0.83
   DBP                                                                   84.6 ± 15.5           86.7 ± 16.2             79.3 ± 12.3           0.54
   Heart rate                                                            79.7 ± 14.7           80.1 ± 13.7             78.5 ± 17.5           0.13
  Vital signs, drug^[a)](#tfn1-ceem-14-043){ref-type="table-fn"}^                                                                            
   SBP1                                                                  145.5 ± 19.3          146.0 ± 19.9            144.3 ± 18.2          0.66
   DBP1                                                                  80.0 ± 14.1           81.0 ± 12.5             77.4 ± 17.9           0.55
   Heart rate                                                            81.4 ± 15.2           81.2 ± 14.1             81.8 ± 18.5           0.21
  Serum glucose, mg/dL                                                   129.8 (111.0-150.0)   129.8 (110.5-147.0)     127.5 (112.0-161.0)   0.99
  Antihypertensive drugs^[b)](#tfn2-ceem-14-043){ref-type="table-fn"}^   12 (24.0)             9 (25.0)                3 (21.4)              1.00
  Initial NIHSS score                                                    8.2 (5.6-12.3)        9.0 (5.7-12.1)          7.25 (5.0-16.0)       0.72
  Past medical history                                                                                                                       
   DM                                                                    11 (22)               7 (19.4)                4 (28.6)              0.48
   Hyperlipidemia                                                        32 (64)               24 (66.7)               8 (57.1)              0.53
   Hypertension                                                          31 (62)               22 (61.1)               9 (64.3)              0.90
   Atrial fibrillation                                                   13 (26)               11 (30.6)               2 (14.3)              0.30
   Myocardial infarction                                                 3 (6)                 3 (8.3)                 0 (0)                 0.55
   Ischemic stroke                                                       5 (10)                5 (13.9)                0 (0)                 0.30
   Current smoking                                                       8 (16)                5 (13.9)                3 (21.4)              0.67
   Antiplatelet agent                                                    13 (26)               12 (33.3)               1 (7.1)               0.08
  Time intervals, min                                                                                                                        
   Onset to MRI                                                          76.7 (60.0-106.0)     76.7 (58.5-97.5)        82.3 (61.0-137.0)     0.57
   Onset to drug                                                         126.0 (90.0-155.0)    123.0 (89.5-152.0)      128.0 (92.0-163.0)    0.44
   MRI to drug                                                           33.5 (25.4-47.4)      35.5 (26.3-48.0)        30.5 (24.0-37.0)      0.21

Values are presented as n (%), mean±standard deviation, or median (interquartile range).

DWI-FLAIR, diffusion-weighted imaging--fluid-attenuated inversion recovery; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; DM, diabetes mellitus; MRI, magnetic resonance imaging; Drug, thrombolysis.

Vital signs checked just before administration of the thrombolytic agent.

Antihypertensive agent use before thrombolysis.

###### 

Classification of the ischemic stroke

  Classification         Total (n = 50)   DWI-FLAIR mismatching   P-value   
  ---------------------- ---------------- ----------------------- --------- ------
  TOAST classification                                                      0.53
   L                     25               17                      8         
   CE                    8                7                       1         
   SV                    7                4                       3         
   UE                    10               8                       2         
  Location                                                                  
   Anterior              35               24                      11        0.57
   Posterior             13               10                      3         
   Both                  2                2                       0         

DWI-FLAIR, diffusion-weighted imaging--fluid-attenuated inversion recovery; TOAST, Trial of Org 10172 in Acute Stroke Treatment; L, large-artery atherosclerosis (embolus/thrombosis); CE, cardioembolism (high-risk/medium-risk); SV, small-vessel occlusion (lacune); UE, undetermined etiology.

###### 

Outcomes of thrombolytic therapy for acute ischemic stroke patients

  Classification                                          Total (n=50)    DWI-FLAIR mismatching   P-value         
  ------------------------------------------------------- --------------- ----------------------- --------------- -------------------------------------------------------
  ΔNIHSS1^[a)](#tfn3-ceem-14-043){ref-type="table-fn"}^   4.0 (1.5-6.6)   5.5 (2.9-7.4)           1.2 (0.3-2.8)   \< 0.01^[b)](#tfn4-ceem-14-043){ref-type="table-fn"}^
  ΔNIHSS2^[c)](#tfn5-ceem-14-043){ref-type="table-fn"}^   4.9 (3.1-7.1)   6.0 (4.4-7.9)           2.3 (0.6-4.2)   \< 0.01^[b)](#tfn4-ceem-14-043){ref-type="table-fn"}^
  ENI-4/0^[d)](#tfn6-ceem-14-043){ref-type="table-fn"}^   29 (58)         27 (75)                 2 (14.3)        \< 0.01^[e)](#tfn7-ceem-14-043){ref-type="table-fn"}^
  ENI-5/0^[f)](#tfn8-ceem-14-043){ref-type="table-fn"}^   22 (44)         22 (61.1)               0 (0)           \< 0.01^[e)](#tfn7-ceem-14-043){ref-type="table-fn"}^
  MNI-8/0^[g)](#tfn9-ceem-14-043){ref-type="table-fn"}^   12 (24)         12 (33.3)               0 (0)           0.01^[e)](#tfn7-ceem-14-043){ref-type="table-fn"}^

Values are presented as median (interquartile range) or n (%).

DWI-FLAIR, diffusion-weighted imaging--fluid-attenuated inversion recovery; NIHSS, National Institutes of Health Stroke Scale; ENI, early neurologic improvement; MNI, major neurologic improvement.

Difference of National Institutes of Health Stroke Scale (NIHSS) scores obtained initially and 24 hours later.

A statistical significance, by Mann-Whitney U-test.

Difference between NIHSS scores obtained initially and after hospital discharge.

NIHSS score 24 hours after thrombolysis dropped to 0 or dropped 4 points from the initial NIHSS score.

A statistical significance, by Fisher's exact test.

NIHSS score 24 hours after thrombolysis dropped to 0 or dropped 5 points from the initial NIHSS score.

NIHSS score 24 hours after thrombolysis dropped to 0 or dropped 8 points from the initial NIHSS score.
